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Introduction
$V D QRQLQYDVLYH LPDJLQJ PHWKRG WKDW FDQ
SURGXFH KLJK UHVROXWLRQ LPDJHV RI LQWHUQDO
DQDWRP\ PDJQHWLF UHVRQDQFH LPDJLQJ NQRZQ DV
05, UHYROXWLRQL]HG PHGLFLQH 0DJQHWLF
UHVRQDQFH PLFURVFRS\ 050 LV VLPLODU WR
PDJQHWLF UHVRQDQFH LPDJLQJ EXW LV IRFXVHG RQ
VWXG\LQJ VPDOOHU VDPSOHV DQG DQDWRP\ KRZHYHU
LW LV QRW DV ZLGHO\ NQRZQ DV PDJQHWLF UHVRQDQFH
LPDJLQJ 7R GDWH 050 KDV EHHQ XVHG WR H[DPLQH
D ZLGH YDULHW\ RI VDPSOHV LQFOXGLQJ SODQWV
1DUDVLPKDQ HW DO  VPDOO PDPPDOV
1DUDVLPKDQ HW DO  DQG LQVHFWV 6NLEEH HW
DO  -DVDQRII HW DO  :HFNHU HW DO 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )DYLOD HW DO  6LQFH 050 LV D
QRQGHVWUXFWLYH DQG QRQLQYDVLYH LPDJLQJ
WHFKQLTXH WKH VDPH VSHFLPHQ FDQ EH UHSHDWHGO\
LPDJHG XQOLNH FODVVLFDO KLVWRORJLFDO PHWKRGV WKDW
UHTXLUHWKHGHVWUXFWLRQRIWKHVSHFLPHQ
$ UHFHQW UHYLHZ RI 050 LQ HQWRPRORJ\ SURYLGHG
DQ H[FHOOHQW RYHUYLHZ DQG GLVFXVVLRQ RI 050¶V
DSSOLFDWLRQV DQG OLPLWDWLRQV ZLWK UHJDUG WR LQVHFWV
+DUW HW DO  2QH RI WKH PDMRU OLPLWDWLRQV RI
VWUXFWXUDO 050 DV GLVFXVVHG E\ +DUW HW DO LV
PRWLRQ LQWHUQDO PRWLRQV GXULQJ DQ 050
H[SHULPHQW FDQ UHGXFH WKH TXDOLW\ RI WKH LPDJH
RIWHQ UHVXOWLQJ LQ EOXUULQJ DQG ORVV RI GHWDLO ZKHQ
WKH H[SHULPHQWDO WLPH LV ORQJ FRPSDUHG WR WKH
WLPHVFDOH RI WKH PRWLRQ HJ VHH )LJXUH  LQ +DUW
HW DO  :KLOH PRWLRQ OLPLWV WKH TXDOLW\ RI
DQDWRPLFDO 050 LPDJHV WKH IDFW WKDW 050 LV
LQIOXHQFHG E\ PRWLRQ FDQ EH DQ DGYDQWDJH ZKHQ
ORRNLQJ DW G\QDPLF SURFHVVHV VXFK FLUFXODWLRQ DQG
UHVSLUDWLRQ
7KH JRDO RI WKLV ZRUN ZDV WR DVVHVV WKH SRWHQWLDO RI
050 LQ VWXG\LQJ LQVHFW FLUFXODWLRQ DQG
UHVSLUDWLRQ ,QYHVWLJDWLRQV RI WKHVH V\VWHPV ZRXOG
SURYLGH D EHWWHU XQGHUVWDQGLQJ RI WKLV GLYHUVH
FODVV RI DQLPDOV DQG DV WKLV UHSRUW VKRZV 050
FDQPDNHLPSRUWDQWFRQWULEXWLRQVWRWKLVHQG
Materials and Methods
Animals
6HYHQ Manduca sexta / /HSLGRSWHUD
6SKLQJLGDH SXSDH ZHUH SXUFKDVHG IURP &DUROLQD
%LRORJLFDO 6XSSO\ %XUOLQJWRQ 1&
ZZZFDUROLQDFRP DQG VWRUHG LQ WKH GDUN DW
URRP WHPSHUDWXUH IRU WKH GXUDWLRQ RI WKHVH
VWXGLHV (DFK SXSD ZDV ± FP LV OHQJWK DQG
± FP LQ GLDPHWHU DQG HDFK RQH ZDV VWRUHG LQ D
VHSDUDWH FRQWDLQHU 7KH SXSDH ZHUH RQO\ UHPRYHG
IURP WKHLU FRQWDLQHUV IRU WKH 050 H[SHULPHQWV
DQG WKHQ ZHUH UHWXUQHG DIWHU WKH H[SHULPHQWV
ZHUH FRPSOHWHG 7ZR RI WKH LPDJHG SXSDH GLHG
IRUXQNQRZQUHDVRQV
Magnetic Resonance Microscopy
050 H[SHULPHQWV ZHUH SHUIRUPHG XVLQJ D
%UXNHU  0+] LQVWUXPHQW RSHUDWLQJ DW D
PDJQHWLF ILHOG RI  7 ZLWK D UHVRQDQFH
IUHTXHQF\ RI  0+] + ,PDJHV ZHUH
REWDLQHG XVLQJ D FRPPHUFLDO %UXNHU SUREH ILWWHG
ZLWK D  PP ELUGFDJH FRLO 3URWRQGHQVLW\
ZHLJKWHG 3': LPDJHV ZHUH DFTXLUHG XVLQJ D
VWDQGDUG VSLQ HFKR H[SHULPHQW $QJOH RI
H[FLWDWLRQ SXOVH Ơ   (FKR 7LPH 7(   
PV 5HSHWLWLRQ 7LPH 75   V 1XPEHU RI
DYHUDJHV 1(;    (DFK 3': H[SHULPHQW
UHTXLUHG DERXW  PLQXWHV WR DFTXLUH '\QDPLF
LPDJLQJ RI WKH LQWHUQDO PRWLRQV ZDV DFFRPSOLVKHG
XVLQJ D EDODQFHG ),63 VHTXHQFH Ơ    7(  
 PV 75   PV 1(;    (DFK
IDVWLPDJLQJ ZLWK VWHDG\VWDWH IUHH SURFHVVLRQ
),63 DFTXLVLWLRQ ZDV SUHFHGHG E\  GXPP\
VFDQV WR HQVXUH D VWHDG\VWDWH ZDV FUHDWHG EHIRUH
GDWD DFTXLVLWLRQ EHJDQ 6L[W\ FRQVHFXWLYH LPDJH
IUDPHV ZHUH WKHQ DFTXLUHG ZLWK RQH IUDPH
UHTXLULQJ  PV WR REWDLQ 7KH IUDPHV ZHUH WKHQ
FRPELQHG LQWR D PRYLH $OO LPDJHV KDG D ILHOG RI
YLHZ    PP é  PP PDWUL[    é 
\LHOGLQJ D  ƫP LQSODQH UHVROXWLRQ DQG VOLFH
WKLFNQHVV    ƫP 'XULQJ SUHOLPLQDU\ ZRUN
PXOWLSOH ),63 H[SHULPHQWV ZHUH FRQWLQXRXVO\
UXQ KRZHYHU WKH SXSD ZULJJOHG RXW RI WKH ILHOG RI
YLHZ DIWHU VHYHUDO PLQXWHV RI ),63 LPDJLQJ 7KH
SXSD¶V PRYHPHQW ZDV SUREDEO\ FDXVHG E\
H[SHULPHQWDO QRLVH DV WKLV ),63 H[SHULPHQW ZDV
ORXGHU WKDQ RWKHU 050 VHTXHQFHV EXW RWKHU
SRVVLELOLWLHV FDQQRW EH UXOHG RXW VXFK DV KHDWLQJ
RI WKH SXSD 7R DYRLG WKLV FRPSOLFDWLRQ D 
PLQXWH JDS ZDV SODFHG EHWZHHQ HDFK ),63
H[SHULPHQW UHSRUWHG LQ WKLV ZRUN )XWXUH ZRUN
PD\ DOORZ IRU WKLV JDS WR EH UHGXFHG (DFK VOLFH¶V
ORFDWLRQ ZLOO EH VWDWHG UHODWLYH WR WKH PRVW
SRVWHULRU ORFDWLRQ RI WKH SURERVFLV ZKHUH WKH
SURERVFLV MRLQV WKH H[RVNHOHWRQ WKH UHG DUURZ LQ
)LJXUH  7KLV ORFDWLRQ ZDV FKRVHQ EHFDXVH LW LV
HDVLO\LGHQWLILHGLQWKH050LPDJHVRIHDFKSXSD
7KURXJKRXW HDFK 050 H[SHULPHQW D SXSD ZDV
SODFHG YHUWLFDOO\ LQ WKH FRLO EXULHG LQ VDQG -7
%DNHU 3KLOLSVEXUJ 1- ZZZMWEDNHUFRP WR
UHGXFH PRWLRQ DQG PDLQWDLQHG DW & HQRXJK
VDQG ZDV XVHG WR FRYHU WKH SXSD E\ ± FP
,QEHWZHHQ HYHU\ ),63 H[SHULPHQW D 3': LPDJH
ZDV REWDLQHG WR FKHFN IRU SXSDO PRYHPHQW :LWK
WKLV H[SHULPHQWDO GHVLJQ ZKROHERG\ PRWLRQV
ZHUH UDUH DQG DOZD\V VPDOO OHVV WKDQ PP
:KHQ ZKROHERG\ PRWLRQV GLG RFFXU WKH PRVW
UHFHQW 3': LPDJH ZDV XVHG IRU FRPSDULVRQ
DOWKRXJK WKH SXSDH VKRZQ LQ WKLV ZRUN GLG QRW
PRYH GXULQJ WKH H[SHULPHQWV %HFDXVH OLWWOH
PRWLRQ RFFXUUHG ZKHQ WKHVH SXSDH ZHUH EXULHG LQ
VDQG RWKHU LQYHVWLJDWRUV PD\ ZLVK WR FRQVLGHU
XVLQJ VDQG DV D UHVWUDLQW IRU 050 RI RWKHU
VSHFLHV %HIRUH DQG DIWHU HDFK H[SHULPHQW WKH
LPDJHG SXSD ZDV YLVXDOO\ LQVSHFWHG WR PDNH
FHUWDLQLWZDVDOLYH
Brief Overview of MRM
$ EULHI RYHUYLHZ RI 050 IRFXVLQJ RQ WKH EDVLFV
UHTXLUHG WR XQGHUVWDQG WKLV SDSHU LV SUHVHQWHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661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XVHGDVDQDQDWRPLFDOUHIHUHQFHSRLQWIRUDOORIWKHLPDJHVEHFDXVHLWLVHDVLO\ORFDWHGXVLQJ050
)RU D PRUH GHWDLOHG H[SODQDWLRQ RI 050 WKH
UHDGHU LV HQFRXUDJHG WR UHDG +DUW HW DO 
DQG IRU PRUH 050 WKHRU\ WKH ERRN E\ &DOODJKDQ
 050 LV VLPLODU WR PDJQHWLF UHVRQDQFH
LPDJLQJ 05, DQG QXFOHDU PDJQHWLF UHVRQDQFH
VSHFWURVFRS\ 105 050 UHTXLUHV WKDW D
VDPSOH EH SODFHG LQ DQ H[WHUQDO PDJQHWLF ILHOG
3URWRQV + DUH WKHQ H[FLWHG XVLQJ D
UDGLRIUHTXHQF\ SXOVH 3URWRQV DUH WKH PRVW
FRPPRQ QXFOHDU LVRWRSH XVHG LQ PDJQHWLF
UHVRQDQFH DQG ZHUH WKH RQO\ RQH XVHG LQ WKLV
UHSRUW $OWKRXJK PDQ\ PROHFXOHV KDYH SURWRQV
ZDWHU DQG IDW DUH WKH PRVW OLNHO\ VRXUFHV RI +
PDJQHWLF UHVRQDQFH VLJQDOV EHFDXVH RI WKHLU KLJK
FRQFHQWUDWLRQV LQ OLYLQJ RUJDQLVPV FRPSDUHG WR
SURWHLQV '1$ PHWDEROLWHV HWF 0DQ\ ULJLG
VWUXFWXUHV VXFK DV FKLWLQ DOVR KDYH SURWRQV EXW
WKHVH UHTXLUH VSHFLDOL]HG LPDJLQJ PHWKRGV WR EH
REVHUYHG DQG DSSHDU GDUN LQ WKH LPDJHV SUHVHQWHG
LQWKLVSDSHU
7ZR WHFKQLTXHV ZHUH XVHG WR H[DPLQH LQVHFWV LQ
WKLV UHSRUW SURWRQGHQVLW\ ZHLJKWHG 3':
LPDJLQJ DQG IDVWLPDJLQJ ZLWK VWHDG\VWDWH IUHH
SURFHVVLRQ ),63 7KH LQWHQVLW\ LQ 3': LPDJHV
LV UHODWHG WR WKH FRQFHQWUDWLRQ RI SURWRQV VR DQ
DUHD FRQWDLQLQJ PRUH SURWRQV KDV KLJKHU VLJQDO
LQWHQVLW\ DQG LV EULJKWHU LQ WKH LPDJH %HFDXVH DQ
LQVHFW¶V DLU VDFV FRQWDLQ UHODWLYHO\ IHZ SURWRQV
WKH\ ZLOO DSSHDU GDUN LQ D 3': LPDJH DVVXPLQJ
WKH DLU VDF XQGHUJRHV QR PRWLRQ GXULQJ WKH
LPDJLQJ H[SHULPHQW ),63 LV D PRUH FRPSOH[
WHFKQLTXH EXW DV ZLWK RWKHU VWHDG\VWDWH
WHFKQLTXHV QXFOHL WKDW IORZ LQWR WKH ILHOG RI YLHZ
DUH XVXDOO\ EULJKWHU WKDQ QXFOHL WKDW VWD\ LQ WKH
ILHOG RI YLHZ 4XDQWLWDWLQJ IORZ XVLQJ ),63 LV
GLIILFXOW 0DUNO HW DO  0DUNO HW DO 
EXW TXDOLWDWLYHO\ EULJKW DUHDV LQGLFDWH IOXLG
IORZLQJ LQWR WKH ILHOG RI YLHZ $OO RI WKH PRYLHV
SUHVHQWHG LQ WKLV UHSRUW ZHUH PDGH XVLQJ ),63
)RU WKLV UHSRUW WKH ILHOG RI YLHZ LV D VLQJOH
LPDJLQJ VOLFH REWDLQHG IURP DQ M. sexta SXSD DQG
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WKHVOLFHZDVPPDERYHWKHHQGRIWKHSURERVFLV
&RURQDOLPDJHVRIJXWSHULVWDOVLV
WKH KHPRO\PSK RU JXW FRQWHQWV DUH WKH PRVW OLNHO\
VRXUFHV RI IORZLQJ SURWRQV 7KH ORFDWLRQ RI HDFK
LPDJH¶VILHOGRIYLHZLVGHVFULEHGRQ 7DEOH
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Movie 3(DFKIUDPHLVVHSDUDWHGE\PV0RYLHFRUUHVSRQGVWR)LJXUH$'6HH)LJXUH$IRURULHQWDWLRQ
DQGVWUXFWXUDOLQIRUPDWLRQDQGWKHWH[WIRUDGHWDLOHGGHVFULSWLRQ7ZRF\FOHVRIFRPSUHVVLRQDQGLQIODWLRQRIWKH
DLUVDFVDUHVHHQDERXWKDOIZD\WKURXJKWKHPRYLH7KLVYLGHRFOLSFDQEHDFFHVVHGDW
KWWSGLJLWDOOLEUDU\ZLVFHGX
Movie 4(DFKIUDPHLVVHSDUDWHGE\PV0RYLHFRUUHVSRQGVWR)LJXUH(±+6HH)LJXUH(IRURULHQWDWLRQ
DQGVWUXFWXUDOLQIRUPDWLRQDQGWKHWH[WIRUDGHWDLOHGGHVFULSWLRQ6HYHUDOF\FOHVRIFRPSUHVVLRQDQGLQIODWLRQRIWKH
DLUVDFVDVZHOODVDEGRPLQDOPRWLRQDUHVHHQGXULQJWKHILUVWKDOIRIWKHPRYLH7KLVYLGHRFOLSFDQEHDFFHVVHGDW
KWWSGLJLWDOOLEUDU\ZLVFHGX
REWDLQHG IURP DQ M. sexta SXSD  GD\V DIWHU
SXSDWLRQ 6LPLODU LPDJHV ZHUH REWDLQHG IURP
SXSDH RI GLIIHUHQW DJHV DQG VKRZ WKH DLU VDFV IXOO\
LQIODWHG ZLWK KHPRO\PSK IORZLQJ WKURXJK WKH
GRUVDO YHVVHO DQG YHQWUDO GLDSKUDJP )LJXUH $
VKRZV WKH GRUVDO YHVVHO GRUVDOO\SRLQWLQJ UHG
DUURZ DQG WKH JXW YHQWUDOO\SRLQWLQJ UHG DUURZ
7KH GDUN DUHDV RQ WKH ULJKW DQG OHIWKDQG VLGHV
DUH WKH LQIODWHG DLU VDFV )LJXUHV % DQG & VKRZ
LQGLYLGXDO IUDPHV IURP 0RYLH  WKDW ZHUH
FROOHFWHG  PV DSDUW ,Q ERWK LPDJHV WKH
YHQWUDOO\SRLQWLQJ UHG DUURZ DLPV DW KHPRO\PSK
IORZ PRVW OLNHO\ WKURXJK WKH YHQWUDO GLDSKUDJP
ZKLOH WKH GRUVDOO\SRLQWLQJ DUURZ DLPV DW WKH
UK\WKPLF IORZ WKURXJK WKH GRUVDO YHVVHO 0RYLH 
VKRZV WKDW WKH SXOVDWLQJ GRUVDO YHVVHO EURXJKW
IUHVK KHPRO\PSK LQWR WKH ILHOG RI YLHZ ZKLOH WKH
YHQWUDO GLDSKUDJP H[KLELWHG OHVV IORZ EXW ZDV
VWLOO DFWLYH $GGLWLRQDO DUHDV RI EULJKWQHVV
VRPHWLPHV DSSHDUHG LQ WKH PRYLH DV ZHOO
LQFOXGLQJ VRPH WKLQ EULJKW DUHDV RQ WKH LQQHU
VLGHV RI WKH DLU VDFV EXW WKLV IORZ ZDV VPDOO DQG
OLPLWHGLQERWKGXUDWLRQDQGYROXPH
)LJXUHV '±) VKRZV LPDJHV REWDLQHG IURP D
VDJLWWDO LPDJH VOLFH 7KH GRUVDO YHVVHO LV
KLJKOLJKWHG E\ WKH WKUHH UHG DUURZV LQ )LJXUH '
,Q WKLV VDJLWWDO 3': LPDJH WKH GRUVDO YHVVHO
DSSHDUV DV D VTXLJJO\ DUHD RI VOLJKWO\ GLIIHUHQW
LQWHQVLW\ WKDQ WKH UHVW RI WKH SXSD )LJXUHV (±)
DUH IUDPHV IURP 0RYLH  WKDW VKRZ KHPRO\PSK
IORZLQJ WKURXJK WKH GRUVDO YHVVHO ,Q )LJXUH (
WKH GRUVDO YHVVHO LV GDUN ZKLOH )LJXUH ) KDV D
VTXLJJO\ EULJKW DUHD 0RYLH  GHPRQVWUDWHV WKH
IORZ RI KHPRO\PSK WKURXJK WKH GRUVDO YHVVHO
PXFK EHWWHU WKDQ WKH LQGLYLGXDO IUDPHV VKRZQ LQ
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Movie 5(DFKIUDPHLVVHSDUDWHGE\PV0RYLHFRUUHVSRQGVWR)LJXUH$±'6HH)LJXUH$IRURULHQWDWLRQ
DQGVWUXFWXUDOLQIRUPDWLRQDQGWKHWH[WIRUDGHWDLOHGGHVFULSWLRQ3HULVWDOVLVRIWKHJXWLVYLVLEOHLQWKHRSHQLQJ
IUDPHVRIWKHPRYLH7KLVYLGHRFOLSFDQEHDFFHVVHGDWKWWSGLJLWDOOLEUDU\ZLVFHGX
)LJXUH  7KHVH PRYLHV QLFHO\ GHPRQVWUDWH WKH
LQIODWHG DLU VDFV ZKLFK UHPDLQ DOPRVW LPPRELOH
DQG WKH SXOVDWLOH IORZ RI KHPRO\PSK WKURXJK WKH
GRUVDOYHVVHO
,Q DGGLWLRQ )LJXUH  DQG 0RYLHV ± GHPRQVWUDWH
WKDW WKH EULJKWHVW VLJQDOV LQ WKHVH ),63
H[SHULPHQWV ZHUH FDXVHG E\ IORZLQJ IOXLGV ,Q WKLV
FDVH KHPRO\PSK ZDV WKH VRXUFH RI WKH EULJKW
VLJQDO EXW ODWHU LPDJHV VKRZ WKDW SHULVWDOVLV RI
WKH JXW FDQ DOVR DSSHDU EULJKW $UHDV VXFK DV WKH
DLU VDFV WKDW FRQWDLQ QR REVHUYDEOH SURWRQV
UHPDLQHG GDUN GXULQJ D ),63 H[SHULPHQW
VXJJHVWLQJ WKDW ZKHQ VLJQDO ZDV REVHUYHG LQ WKH
DLU VDF UHJLRQ )LJXUH  KHPRO\PSK KDG IORZHG
LQWRWKHDUHDYDFDWHGE\WKHFRPSUHVVLQJDLUVDF
)LJXUH $ VKRZV DQ D[LDO 3': LPDJH ZLWK WKH UHG
DUURZV SRLQWLQJ WRZDUGV WKH DLU VDFV 8QOLNH WKH
DLU VDFV VKRZQ LQ )LJXUH $ WKHVH DUH QRW GDUN
EXW WKH\ DUH OHVV LQWHQVH WKDQ WKH VXUURXQGLQJ
WLVVXH )URP DQ H[SHULPHQWDO SHUVSHFWLYH WKLV
FRXOG EH FDXVHG E\ DQ DLU VDF WKDW ZDV
SDUWLDOO\FRPSUHVVHG IRU WKH HQWLUH GXUDWLRQ RI WKH
WZR PLQXWH H[SHULPHQW RU E\ WKH UDSLG
FRPSUHVVLRQ DQG LQIODWLRQ RI WKH DLU VDFV GXULQJ
WKH H[SHULPHQW 7KH ODWWHU ZRXOG \LHOG DQ DYHUDJH
RI WKH HPSW\ DQG IXOO DLU VDF VLJQDOV 8QOLNH ),63
WKH WLPH UHVROXWLRQ RI WKLV 3': PHWKRG GLG QRW
DOORZ IRU GLIIHUHQWLDWLQJ WKH WZR SRVVLELOLWLHV
)LJXUHV %±' VKRZ D VHTXHQFH RI IUDPHV IURP
0RYLH  HDFK  PV DSDUW ,QLWLDOO\ WKH DLU VDFV
ZHUH ILOOHG ZLWK DLU )LJ % D EULJKW VLJQDO WKHQ
DSSHDUHG LQ WKH DLU VDF UHJLRQ LQGLFDWLYH RI IORZ
)LJXUH & DQG WKHQ WKH DLU VDFV EHFDPH GDUN
DJDLQ )LJ ' $ERXW KDOIZD\ WKURXJK 0RYLH 
WZR VHWV RI EULJKW VLJQDOV ZHUH REVHUYHG LQ UDSLG
VXFFHVVLRQ  PV DSDUW WKH UHVW RI WKH WLPH
WKH DLU VDFV UHPDLQHG GDUN VLPLODU WR )LJXUH $
DQG 0RYLH  +HPRO\PSK DOVR IORZHG WKURXJK WKH
GRUVDOYHVVHOGXULQJWKHSXOVDWLRQV
)LJXUH ( LV D VDJLWWDO LPDJH VLPLODU WR )LJXUH *
H[FHSW LW KDV VRPH LQWHQVLW\ LQ WKH PLGGOH RI WKH
DLU VDF¶V GDUN DUHD UHG DUURZ $V GHVFULEHG
SUHYLRXVO\ IRU )LJXUH $ WKLV LQWHQVLW\ FRXOG KDYH
UHVXOWHG IURP D SDUWLDOO\FRPSUHVVHG DLU VDF WKDW
ZDV VWDWLF GXULQJ WKH HQWLUH LPDJLQJ H[SHULPHQW
RU IURP DLU VDF PRWLRQ GXULQJ WKH WZR PLQXWH
LPDJLQJ H[SHULPHQW )LJXUHV )±+ DUH IUDPHV
IURP 0RYLH  HDFK REWDLQHG  PV DSDUW
7KHVH LPDJHV VKRZ WKDW WKH DLU VDF ZDV LQLWLDOO\
HPSW\ )LJXUH ) WKHQ IOXLG HQWHUHG WKH DLU VDF
DUHD )LJ * DQG WKHQ WKH DLU VDF DUHD ZDV RQFH
DJDLQ HPSW\  PV ODWHU )LJXUH + ,Q
DGGLWLRQ WR VKRZLQJ WKLV IORZ 0RYLH  UHYHDOV
DGGLWLRQDO DEGRPLQDO PRYHPHQW LQ WKH ORZHU SDUW
RI WKH LPDJH 7KLV PRYHPHQW GLG QRW LQYROYH WKH
HQWLUH ERG\ EHFDXVH WKH DQWHULRU VLGH UHPDLQHG
VWDWLF WKURXJKRXW WKH PRYLH WKLV LV HVSHFLDOO\
QRWLFHDEOH RQ WKH YHQWUDO VLGH RI WKH LPDJH :KLOH
WKH DQWHULRU VLGH UHPDLQHG XQSHUWXUEHG WKH
RUJDQV SRVWHULRU WR WKH DLU VDF DOVR FRPSUHVVHG
7KHVH PRWLRQV DUH FRQVLVWHQW ZLWK WKH SUHYLRXVO\
GHVFULEHG FHRORSXOVHV 6OiPD  DOWKRXJK
DGGLWLRQDO ZRUN LV UHTXLUHG WR EHWWHU FKDUDFWHUL]H
WKHFDXVHWKHREVHUYHGPRWLRQV
)LJXUH $ LV D FRURQDO 3': LPDJH DQG WKH UHG
DUURZV SRLQW WR WKH SXSD¶V JXW 7KH ),63 LPDJHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH )LJXUH %±' DUH IUDPHV IURP 0RYLH  WKDW ZHUH
HDFK  PV DSDUW ,Q )LJXUH %±' WKH UHG
DUURZV IROORZ D SHULVWDOWLF SXOVDWLRQ DV LW PRYHG
IURP WKH XSSHU WR WKH ORZHU JXW EXW WKLV LV PRUH
FOHDUO\VHHQLQWKHRSHQLQJIUDPHVRI 0RYLH
7KH PRYLHV DQG LPDJHV SUHVHQWHG LQ WKLV SDSHU
DUH VXPPDUL]HG LQ 7DEOH  7KHVH UHVXOWV
GHPRQVWUDWH WKDW 050 FDQ EH XVHG WR
FKDUDFWHUL]H WKH LQWHUQDO PRWLRQV RI LQVHFWV 050
HDVLO\ GLIIHUHQWLDWHV EHWZHHQ IOXLGILOOHG FDYLWLHV
DQG DQ LQVHFW¶V DLU VDFV )LJXUH  PDNLQJ LW
SRVVLEOH WR PRQLWRU FKDQJHV LQ DLU VDF YROXPH LQ
UHDO WLPH DV ZHOO DV WKH FLUFXODWLRQ RI KHPRO\PSK
WKURXJK WKH GRUVDO YHVVHO DQG WKH YHQWUDO
GLDSKUDJP 2I WKHVH WKH REVHUYHG IORZ LQWR WKH
DLU VDF UHJLRQ )LJXUH & 	 0RYLH  LV WKH ODUJHVW
PRYHPHQW RI KHPRO\PSK UHSRUWHG LQ WKLV SDSHU
0RYLH  LV FRQVLVWHQW ZLWK M. sexta’s DLU VDFV
XQGHUJRLQJ WZR FRPSOHWH FRPSUHVVLRQ DQG
H[SDQVLRQ F\FOHV RYHU WKH FRXUVH RI D IHZ VHFRQGV
DQG WKHQ UHWXUQLQJ WR D VWDWLF SRVLWLRQ 7KLV
PRWLRQ PD\ LQGLFDWH D UDSLG FRQYHFWLYH JDV
H[FKDQJH 6OiPD  +DUULVRQ  ,Q 0RYLH
 PRWLRQV UHVWULFWHG WR WKH DEGRPHQ ZHUH
REVHUYHG FRQVLVWHQW ZLWK SUHYLRXVO\ UHSRUWHG
FHRORSXOVHV 6OiPD  ,Q DGGLWLRQ WR
FLUFXODWLRQ DQG UHVSLUDWLRQ SHULVWDOVLV RI WKH JXW
ZDV REVHUYHG LQ 0RYLH  DQG )LJXUH $±' 7R
RXU NQRZOHGJH WKLV LV WKH ILUVW 050 VWXG\ WR
LQYHVWLJDWH LQVHFW FLUFXODWLRQ DQG UHVSLUDWLRQ DQG
HYHQ WKRXJK SUHOLPLQDU\ WKH UHVXOWV DUH
HQFRXUDJLQJ
,Q FRQFOXVLRQ 050 LV D SURPLVLQJ WRRO IRU
LQYHVWLJDWLQJ LQWHUQDO PRWLRQV RI LQVHFWV $QG
EHFDXVH LW LV QRQLQYDVLYH LW FDQ EH FRPELQHG ZLWK
RWKHU PHWKRGV DQG XVHG WR IROORZ WKH VDPH LQVHFW
WKURXJK LWV OLIH F\FOH $GGLWLRQDO 050
GHYHORSPHQW LV QHHGHG WR H[WHQG WKH PHWKRGV
SUHVHQWHG KHUH WR LQFOXGH TXDQWLWDWLYH DQDO\VLV
LQVHFWVSHFLILF 050 VHTXHQFHV DV ZHOO DV
LQVHFWVSHFLILF 050 KDUGZDUH 0DJQHWLF
UHVRQDQFH LPDJLQJ KDV UHYROXWLRQL]HG KRZ
G\QDPLFDO VWXGLHV DUH FRQGXFWHG LQ KXPDQV DQG
050FDQGRWKHVDPHIRULQVHFWUHVHDUFK
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